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!!"#$%&!!"#$!"#! − 1 ∗ 100  (Fry,	2006).	A	delta	(δ)	value	is	often	unique,	due	to	many	natural	and	physical	variables.	When	δ	values	from	multiple	elements	are	compared,	an	“isotopic	signature”	is	established.	Different	biological	processes	influence	signatures	in	different	ways.	This	is	largely	due	to	the	variation	in	the	masses	of	elements	and	their	isotopes	which	causes	the	two	to	behave	differently	in	biological	and	physical	processes.	This	phenomenon	is	known	as	fractionation	(Fry,	2006).		The	isotopic	signature	of	a	diet	is	reflected	in	the	tissues	and	bodily	fluids	of	a	consumer.	SIA	can	use	these	signatures	to	discern	information	about	the	diet	or	lifestyle	of	a	subject	through	the	biological	or	physical	implications	of	the	isotopic	concentrations.			 SIA	has	many	applications	in	the	field	of	ecology.	Various	ecological	studies	have	utilized	SIA,	revealing	trophic	interactions	that	would	otherwise	be	difficult	to	study.	For	example,	C3	and	C4	plants	produce	distinct	isotopic	signatures	(Kelly,	2000).		C4	plants	have	much	higher	concentrations	of	 𝐶!" 	when	compared	to	C3	plants.		This	is	largely	due	to	the	differences	between	the	photosynthetic	pathways	of	C3	plants	(such	as	wheat),	which	typically	have	low	13C	values,	and	C4	plants	(such	as	corn)	that	typically	have	enriched	13C	values.		This	allows	for	accurate	identification	of	C3	and	C4	plants	in	the	diets	of	consumers	and	is	one	of	the	main	uses	of	carbon	isotope	signatures.	Corn	has	a	distinct	enriched	13C	signature	and	is	ubiquitous	in	food	products	in	the	United	States,	making	it	a	great	isotopic	marker.	Stable	isotopes	of	nitrogen	are	also	used	in	food	web	studies.	Larger	delta	values	of	
15N	isotope	are	indicative	of	the	consumption	of	animal	products.	A	phenomenon,	called	trophic	enrichment,	causes	nitrogen	isotopes	to	react	to	different	trophic	
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levels	by	changing	in	a	predictable	way,	increasing	in	15N	between	2‰	and	4‰	for	every	trophic	level.	Various	ecological	studies	have	implemented	these	findings	to	reveal	dietary	relationships.	For	example,	Baudin	(2013)	conducted	a	study	on	two	species	of	mice	that	occupied	the	same	niche.	The	study	used	SIA	to	accurately	understand	the	diet	of	both	species	and	confirm	whether	they	did	in	fact	share	the	same	food	sources.	SIA	signatures	of	both	species’	 𝐶!" 	and	15N	showed	close	similarities,	implying	that	both	did	in	fact	share	the	same	diets.	Tests	like	these	are	extremely	helpful	in	revealing	aspects	of	ecology	that	would	otherwise	be	very	difficult	to	explore.	The	applications	of	SIA	in	the	field	of	ecology	have	a	wide	range	that	is	only	limited	by	the	creativity	of	its	user.			 One	of	these	applications	is	the	use	of	SIA	in	studying	tick-host	relationships.	Recent	experiments	touch	upon	and	test	the	idea	that	the	isotopic	signature	of	a	tick	may	vary	depending	on	the	host	it	feeds	on.	Hamer	et	al.	(2015),	conducted	a	study	with	lone	star	ticks,	Amblyomma	americanum	that	fed	on	chickens	compared	to	blood	samples	of	a	variety	of	species.	The	isotopic	signatures	of	the	ticks	(even	at	different	ages)	closely	resembled	one	another	in	despite	the	significant	variation	of	the	other	samples.	Thus,	they	suggested	that	it	might	be	possible	to	identify	a	tick	host	through	isotopic	signatures	of	the	tick.		Schmidt	et	al.	(2011)	conducted	a	proof	of	concept	study	that	showed	that	the	expected	trophic	enrichment	between	host	and	tick	occurred.			 The	diet	of	the	host	will	also	influence	the	isotopic	signature	of	the	host	and	therefore,	the	tick	as	well.	Belivanov	(2015)	conducted	a	study	that	observed	how	changing	the	diets	of	mealworms	(corn,	wheat	and	flour)	fed	to	spiders,	caused	
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Figure	4.	Outlier	box	plot	comparing	each	food	group	and	each	group	of	ticks.	Ticks:	meat	(n=3),	insect	(n=6),	wild	(n=15),	Neutral	(n=6),	corn	(n=4).	Food:	CORN,	CRICKETS,	MEAT	and	PB,	NUT,	and	WILD	(n=3	each).		
	
	
Discussion:			 This	experiment	was	designed	to	explore	the	potential	effects	of	different	host	diets	on	the	isotopic	signatures	of	ticks.	Using	prior	studies	and	data,	the	presumed	results	seemed	to	be	apparent.	The	corn	registered	the	highest	δ13C	of	all	the	food	groups,	which	was	expected	based	on	the	results	of	LoGiudice	et	al.	(2018),	and	studies	from	Kelly	(2000)	and	DeMots	(2010).	The	neutral	and	insect	diets	were	found	to	be	in	a	reasonable	range	within	the	extremes	of	the	meat	and	corn	diets.	The	corn	ticks	were	expected	to	have	the	highest	δ13C	levels	reflecting	the	high	δ13C	signature	of	the	corn	their	chipmunk	hosts	fed	on.	LoGiudice	et	al.	demonstrated	this	connection.	The	data	based	on	16	corn-fed	animals	showed	ticks	having	δ13C	ranging	from	-20.6	to	-23.9‰,	expectedly	providing	highly	enriched	δ13C	signatures.	
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However,	the	corn	ticks	in	this	study	have	the	lowest	δ13C	of	all	the	dietary	groups	(about	-25.5	to	-24.5	‰),	showing	that	the	δ13C-enriched	diets	of	the	chipmunks	were	not	reflected	in	the	ticks	that	fed	on	them	as	demonstrated	by	LoGiuidice	et	al.	This	is	perplexing	and	needs	further	investigation.	It	may	be	due	to	the	higher	water	content	of	the	canned	corn	provided	to	the	chipmunks	(LoGiudice	et	al.	used	dried	and	frozen	corn).	Thus,	the	animals	may	have	consumed	very	little	corn,	rather,	they	may	have	consumed	mostly	the	water	in	the	corn,	resulting	in	an	unexpectedly	low	δ13C	that	does	not	resemble	a	signature	typical	of	corn.	The	very	low	sample	size	(n=4	ticks	from	3	animals)	should	also	be	noted.		 It	was	expected	that	the	δ15N	would	be	enriched	from	food	to	tick,	since	the	signature	would	span	two	trophic	levels	and	thus,	undergo	dramatic	trophic	enrichment.	The	signatures	observed	generally	did	undergo	enrichment,	however	not	enrichment	dramatic	enough	to	span	two	trophic	levels.	When	the	meat	(average	δ15N	=	3.5‰)	was	compared	to	the	meat	ticks,	their	signatures	contrasted	the	respective	diet.	Meat	ticks	showed	the	highest	δ15N	signatures	of	all	the	tick	groups	while	the	meat	diet	ticks	showed	surprisingly	low	values	(average	δ15N	=	5.5‰).	Since	the	ticks	were	two	trophic	levels	removed	from	the	meat,	it	was	expected	that	their	signatures	would	be	enriched	by	4‰	to	8	‰,	but	were	only	enriched	2‰.	The	same	pattern	was	found	in	all	other	food	groups	and	their	corresponding	ticks.	Due	to	the	small	sample	size	not	much	can	be	determined	from	this.	Franta	(2012)	shows	the	primary	nutrient	in	a	tick’s	diet	is	hemoglobin,	however	the	hemoglobin	turnover	rate	is	far	too	slow	to	be	a	determining	factor	in	stable	isotopic	signature	in	a	short-term	study	such	as	this.	MacAvory	(2006)	
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studied	the	half-life	of	red	blood	cells	in	rats	and	mice,	finding	the	isotopic	signatures	of	red	blood	cells	in	regards	to	carbon	had	a	range	of	24.8	days	and	17.3	for	half-life,	while	nitrogen	had	27.7	and	15.4	days.	Since	chipmunks	are	a	rough	intermediate	size	between	the	two,	there	is	reason	to	believe	that	their	red	blood	cell	turnover	rate	would	be	in	that	range.	This	implies	that	new	nutrients	being	absorbed	through	diet	would	not	incorporate	significantly	into	red	blood	cells	in	a	short	time	period	since	they	take	a	long	period	of	time	to	turnover	or	replace	old	red	blood	cells	with	new	ones.	Initially	this	short	time	frame	was	used	under	the	assumption	that,	similar	to	the	carbon	signatures,	the	nitrogen	signatures	would	change	rapidly	and	that	they	would	be	incorporated	into	the	tick	in	a	short	period	of	time.	It	is	now	clear	that	there	may	be	no	simple	nitrogen-containing	molecule	that	is	rapidly	incorporated	into	the	tick.						 Conducting	additional	studies	would	be	particularly	useful	in	determining	whether	or	not	nitrogen	has	utility	in	differentiating	what	host	organism	a	tick	has	fed	on.	Stable	isotope	analysis	should	be	used,	specifically,	to	look	into	the	timeframe	of	nitrogen	stable	isotope	signatures	in	ticks	and	how	drastically	these	signatures	vary	based	on	the	host	organism	the	tick	has	fed	on.	This	study	and	previous	work	in	the	LoGiudice	lab	reveal	that	nitrogen	isotopes	may	have	a	slower	turnover	rate	and	may	be	less	sensitive	than	carbon	isotopes	to	variation	in	host	diets.		Data	from	Scott	(2015)	compared	the	isotopic	signatures	of	field	collected	ticks	and	those	that	had	been	fed	on	lab	mice	showed	δ15N	signatures	with	a	narrow	range	between	roughly	4	to	9	per	mil	while	δ13C	signatures	ranged	from	-26	to	-22	per	mil.	Similarly	in	my	study,	the	range	of	δ15N	of	ticks	in	the	same	diet	groups	was	
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much	smaller	than	that	of	δ13C.	Although	the	value	ranges	for	δ15N	and	δ13C	are	rather	similar,	it	does	not	mean	the	changes	in	δ15N,	like	δ13C	were	dramatic.	If	δ15N	changed	as	expected,	its	range	would	be	far	greater	than	that	of	δ13C	due	to	trophic	enrichment.	These	data	suggest	that	small	variations	to	diet	in	a	short	time	frame	may	not	impact	nitrogen	signatures	as	significantly	as	carbon	signatures,	which	are	known	to	have	a	quick	turnover	rate.				 The	results	of	this	study	point	to	flaws	in	the	experimental	methods.	The	first	issue	to	be	addressed	is	the	fickle	nature	of	administering	very	particular	diets	to	wild	animals	and	how	to	implement	them	in	a	way	that	delivers	consistent	and	easily	observable	data	and	results.	Preparing	homogenized	diets	was	an	effort	to	achieve	this,	however	it	proved	to	be	unpalatable	to	the	hosts.		In	order	to	appropriately	assess	the	impact	of	host	diets	on	tick	isotopic	signature,	extreme	care	must	be	applied	to	supplying	diets	that	provide	distinct	isotopic	signatures	but	are	homogenized.	Limiting	hosts’	access	to	supplementary	food	is	also	imperative.	Additional	food	sources	only	complicate	results	and	make	clear	dietary	choices	difficult	to	discern.			 A	second	problem	was	the	length	of	the	captive	period.	It	is	also	crucial	that	hosts	are	kept	for	a	longer	period	of	time	than	the	four-day	schedule	implemented	in	this	study.	Often	ticks	that	had	fallen	off	chipmunks	could	not	be	discerned	as	ticks	that	had	been	naturally	found	on	the	host	from	the	wild	or	ticks	that	we	had	placed	on	the	chipmunks.	This	issue	prevented	me	from	precisely	coordinating	feeding	schedule	of	the	tick	and	its	host.	It	is	crucial	to	sync	the	tick	feedings	with	
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the	host	containment	(giving	adequate	time	for	ticks	from	the	field	to	fall	off	and	placing	ticks	on	hosts	when	or	after	their	feeding	regiment	begins).			 This	study	additionally	revealed,	the	need	to	address	the	physiology	of	tick	feeding	and	digestion.		This	aspect	of	ticks	is	paramount	to	understanding	how	isotopic	signatures	manifest	and	change	depending	on	what	ticks	actually	consume	from	their	hosts	and	how	it	could	translate	to	their	signatures.	What	is	currently	known	is	that	the	primary	nutrient	hard-bodied	ticks	derive	from	their	feeding	is	extracted	from	hemoglobin.	The	tick’s	digestive	enzymes	remove	the	heme	and	utilize	the	rest	of	the	molecule	for	nutrients	(Franta,	2012).		The	relatively	quick	incorporation	of	13C	may	be	due	to	a	tick’s	utilization	of	host	glucose	when	feeding	(LoGiudice	et	al.,	2018).	Beyond	this	not	much	is	known	about	what	other	host	fluids	or	compounds	ticks	utilize.	This	study	addressed	most	controllable	aspects	of	stable	isotope	testing	on	ticks	and	still	did	not	produce	definitive	results.	This	suggests	that	a	tick’s	unique	digestive	physiology	is	a	big	factor	in	establishing	its	isotopic	signature	and	should	be	explored	further	in	order	to	get	a	more	comprehensive	view	on	the	stable	isotope	ecology	of	ticks.			 Without	this	preliminary	work	it	is	difficult	to	approach	and	address	all	of	the	nuances	of	stable	isotope	analysis	on	ticks.	This	study	reveals	the	significance	of	other	details	that	were	not	accounted	for,	such	as	tick	digestion,	animal	holding	time	and	δ15N	characteristics.		By	demonstrating	the	sensitive	and	complex	nature	of	stable	isotope	analysis	in	relation	to	ticks,	this	study	emphasizes	the	need	for	further	research	testing	these	aspects	of	tick	SIA.		
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	 Finally,	these	results	demonstrated	that	nitrogen	isotope	might	act	differently	than	carbon	isotope.	Since	carbon	signatures	are	sensitive	to	small	dietary	shifts	and	take	a	relatively	short	amount	of	time	to	change,	they	are	not	very	valuable	for	indicating	what	host	a	tick	has	fed	on,	since	any	small	dietary	change	could	significantly	alter	a	signature.	Nitrogen	however,	appears	to	be	less	sensitive.	This	study	suggests	that	nitrogen	isotopes	are	not	influenced	by	short	dietary	changes	and	thus	may	be	more	useful	in	determining	host	use	based	on	the	tick’s	isotopic	signature.						
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